We spectroscopically identify 101 Galactic HII regions using spectra from the Large Sky Area MultiObject Fiber Spectroscopic Telescope (LAMOST) survey, cross-matched with an HII region catalog derived from the all-sky Wide-Field Infrared Survey Explorer (WISE ) data. Among all HII regions in our sample, 47 sources are newly confirmed. Spatially, most of our identified HII regions are located in the anti-center area of the Galaxy. For each of the HII regions, we accurately extract and measure the nebular emission lines of the spectra, and estimate the oxygen abundances using the strong-line method. We focus on the abundance distribution of HII regions in the Galactic anti-center area. Accordingly, we derive the oxygen abundance gradient with a slope of -0.036±0.004 dex kpc −1 , covering a range of R G from 8.1 to 19.3 kpc. In particular, we also fit the outer disk objects with a slope of -0.039± 0.012 dex kpc −1 , which indicates that there is no flattening of the radial oxygen gradient in the outer Galactic disk.
INTRODUCTION
HII regions are ionized gaseous nebula formed by ultraviolet radiation from massive stars. The spectra of HII regions are characterized by rich emission lines of hydrogen and metal elements. The chemical abundances of Galactic HII regions represent the gas-phase abundances of the Milky Way today. Especially, oxygen is a proxy for the abundance analysis of ionized gaseous nebula, which is usually derived from the emission lines at optical bands. The abundance distribution across the Galactic disk is crucial to place constraints on theories of the formation and evolution of the Milky Way (Searle 1971; Shaver et al. 1983) .
Although there are many observations and studies of HII regions in the Milky Way, the sampling of Galactic HII regions remains incomplete. In particular, HII regions in the Galactic anti-center used for the studies of abundance gradient are relatively few (Fernández-Martín et al. 2017) . Recently, Anderson et al. (2014) provided a relatively complete Galaxy HII region catalog based on the Wide-Field Infrared Survey Explorer (WISE ) project, and the catalog has been updated by Anderson et al. (2015 Anderson et al. ( , 2018 . This catalog contains ∼8,400 entries for two types of objects: known HII regions and candidate HII regions, all of which share the bubble morphology in WISE images. In this catalog, ∼1,500 sources are located in the anti-center of the Milky Way. However, approximately 73% are candidate HII regions that cannot be confirmed as true HII regions. Anderson et al. (2014) claimed that some of these candidates are ideal objects for spectroscopic observations.
The spectroscopic survey of the Galactic anti-center is an important part of the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) survey, which provides abundant data to study the Galactic HII regions in the direction of the anti-center. In this study, we cross-match LAMOST optical data with the WISE catalog of Galactic HII Regions to identify the candidate HII regions from a spectroscopic perspective, aimed at increasing the number of spectra of HII regions toward the Galactic anti-center.
Using optical, infrared, or radio data, different authors revealed the negative O/H abundance gradients from -0.04 to -0.07 dex kpc −1 for HII regions at Galactocentric distances of R G =0-22 kpc (Hawley 1978; Shaver et al. 1983; Afferbach et al. 1995; Deharveng et al. 2000; Esteban et al. 2005; Rudolph et al. 2006; Balser et al. 2015; Fernández-Martín et al. 2017; Esteban et al. 2017) . In particular, the radial abundance gradients of the outer Galaxy have been emphasized. Some studies observed a flatter radial gradient at the outer part of the Milky Way (Fich & Silkey 1991; Vílchez & Esteban 1996; Korotin et al. 2014) , whereas others claimed the absence of such flattening (Deharveng et al. 2000; Rudolph et al. 2006) . Most recently, Fernández-Martín et al. (2017) presented the chemical compositions of 23 Galactic anti-center HII regions located at R G >11kpc and did not confirm the flattening of the distribution in the outer disk. Esteban et al. (2017) performed deep optical spectroscopy of eight HII regions located in the anti-center and studied the radial oxygen gradients defined by the HII regions within R G of 11.5-17 kpc; their results indicated the absence of flattening in the radial oxygen gradient at the outer part of the Galactic disk.
This study has two main purposes. The first is to identify the HII regions in the Galactic anti-center area using LAMOST spectra in order to expand the current spectra samples of HII regions. The second is to study the chemical abundance gradient of HII regions in the Galactic anti-center area and the outer disk using our optical data.
The outline of this article is as follows. We present the data and sample selection in Section 2. Section 3 describes the process of identifying HII regions using LAMOST spectra. The main results of our analysis are included in Section 4, where we describe the spectroscopic properties of the HII regions and oxygen abundance gradients in the Galactic anti-center area and the outer disk. Finally, our main conclusions are summarized in Section 5.
DATA AND SAMPLE SELECTION
We select our sample based on LAMOST spectroscopic data and the WISE HII region catalog.
Data in LAMOST DR5
The LAMOST survey is a spectroscopic survey that covers the northern sky. The telescope is a 4-meter reflecting Schmidt telescope with a 5
• field of view and 4000 fibers are almost evenly distributed over the focal plane. The diameter of a fiber is 3 arcsec. In addition, the telescope has 16 spectrographs and 32 charge coupled device (CCD) cameras (each spectrograph is equipped with two CCD cameras of a blue arm from 3,700Å to 5,900Å and a red arm from 5,700Å to 9,000Å), and hence, there are 250 fiber spectra in each obtained CCD image (Cui et al. 2012; Zhao et al. 2012; Luo et al. 2015) . Its spectral resolution is R∼1800. In June 2017, the first five-year mission of LAMOST was completed. On December 31, 2017, the fifth data release (DR5) of LAMOST was officially released for domestic astronomers and international collaborators. The Galactic spectroscopic survey is the main part of LAMOST Survey, which observes celestial objects over the entire available northern sky. As a unique component of LAMOST Galactic survey, the Galactic anti-center survey covers Galactic longitudes 150
• ≤ ℓ ≤ 210
• and latitudes |b| ≤ 30
• (Yuan et al. 2015) . There are millions of spectra located in this area in LAMOST DR5, which provide abundant data for the identification of HII regions in the Galactic anti-center direction. Our study utilizes the sky spectra in the LAMOST dataset to detect Galactic HII regions. According to the requirements of LAMOST observations, approximately 20 fibers in each spectrograph are assigned to point toward blank sky, where the sky spectra are extracted for data reduction. If the telescope points toward an HII region, the nebular emission features of the HII region may be directly superposed upon the sky spectra. Therefore, the sky spectra offer immense potential for detecting HII regions.
WISE HII region catalog
The WISE HII region catalog was compiled by Anderson et al. (2014) , and updated by Anderson et al. (2015 Anderson et al. ( , 2018 as a part of ongoing HII Region Discovery Survey (Bania et al. 2010; Anderson et al. 2011) . We use the most recent version of the WISE HII region catalog: WISE Catalog V2.0(hereafter HIICat V2) from http://astro.phys.wvu.edu/wise. The catalog includes more than 8,400 known Galactic HII regions and candidate HII regions by searching for their characteristic mid-infrared (MIR) morphology, using data from the WISE satellite. The catalog extends over all Galactic longitudes within |b| ≤ 8
• and five high-mass star-forming regions at high Galactic latitudes. There are approximately 1,900 sources (labeled as "K") in the catalog defined as known HII regions as they have been observed in RRL or Hα spectroscopic emission, whereas ∼6,500 sources are HII region candidates. Among these candidates, ∼2,800 sources (labeled as "C" and "G") have radio continuum and MIR emission, and are ideal objects for follow-up spectroscopic observations to confirm their classification, whereas ∼3,700 sources (labeled as "Q") have the characteristic MIR emission of HII regions, but do not show radio continuum emission at the sensitivity limits of the existing surveys. For the HII region candidates, further observations are required to confirm whether they are true HII regions. In this study, we use the spectra from the LAMOST dataset to confirm some candidates as HII regions, especially toward the Galactic anti-center.
The angular radii of HII regions in HIICat V2 range from 6 ′′ to 1 • 6, which approximately contain the MIR emission of each source. The average angular radii of known and candidate HII regions are both 100
′′ (Anderson et al. 2014 ). In addition, the HIICat V2 provides Galactocentric distances for ∼ 2,700 sources. Most of the distances are determined by kinematic method, only approximately 7% of sources use parallax distances. The detailed distance determination was presented in Anderson et al. (2014) . They computed kinematic distances using the Brand(1986) rotation curve model, with the Sun 8.5 kpc from the Galactic center and a solar circular rotation speed of 220 km s −1 . Sources in the inner Galaxy suffer from the kinematic distance ambiguity (KDA), which complicates the computation of kinematic distances. A KDA resolution(KDAR) requires auxiliary data to determine. They employed three methods for resolving the KDA: HI Emission Absorption (HI E/A), H 2 CO absorption, and HI self-absorption (HI SA). They also provided the average distance uncertainties: ∼15% in the first and fourth quadrants and ∼30% in the second and third Galactic quadrants.
Data reduction of LAMOST spectra
We match the LAMOST spectroscopic catalog to the positions of the HIICat V2, and obtain ∼3,000 LAMOST spectra with good quality, which are located in the areas of known HII regions and candidate HII regions presented in the HIICat V2. Using the standard data reduction via two-dimensional (2D) pipeline of the LAMOST survey, including fiber tracing, flux extraction, wavelength calibration, and flat fielding (further details in Luo et al. 2015) , the spectra in our sample are extracted as one-dimensional (1D) data.
After the above reduction, background subtraction is performed. In the 2D pipeline of LAMOST, the sky background is modeled for each spectrograph and thereafter subtracted from the spectra in the same spectrograph. If the spectrograph points toward an HII region, the nebular emissions that may be superimposed on the sky background are thereafter subtracted from the spectra. Hence, to find the "clean" sky background for the spectra falling in a HII region candidate, we select sky spectra outside but adjoined to the range of this HII region candidate. The clean sky spectra have very weak or even no nebular emission features such as [NII] λλ6549,6585 and [SII]λλ6718,6732. The sky backgrounds are then subtracted from the spectra in our sample.
We do not perform an absolute flux calibration because the LAMOST project is designed as a spectroscopic survey without photometric standard stars. Fortunately, we mainly focus on the ratios of emission lines used to identify HII regions and compute the chemical abundance. As an example, Figure 1 shows an extracted 1D spectrum in our sample. Notable major emission features are marked at their rest wavelengths.
Sample selection
In order to search for the spectra with emission features of HII regions, we detect whether the spectra have [SII]λλ6718,6732 emissions, which are not only important nebular features, but are also uncontaminated by sky background and starlight. We present a subjective criterion for detecting [SII] λλ6718,6732 in emissions. The criterion is shown in Equation 1.
( 1) where f lux represents the spectral flux pixel in the wavelength range around the [SII] double lines, λ 1 and λ 2 are the center wavelengths of [SII](λ 1 = 6718Å, λ 2 = 6732Å), max(f lux) represents the maximum flux around the line center ±1Å, and µ and σ are the mean and standard deviation of the fluxes in the wavelength range around the line center, respectively, and the wavelength range we used is line center ±4Å(namely, λ 1 ±4Å and λ 2 ±4Å). Using Equation 1 we can identify [SII]λλ6718,6732 in emissions if the fluxes of line centers are larger than 2σ of the fluxes in their neighborhoods. We further visually inspect the spectra one-by-one, abandoning the spectra if the main spectral lines (Hα, [NII]λ6585, and [SII]λλ6718,6732) are severely affected by noise.
According to this criterion and visual inspection, ∼1,000 LAMOST spectra with [SII]λλ6718,6732 emissions are selected. In some candidate HII regions, up to a few dozen spectra are located in the same HII region. In this case, we extract an averaged spectrum for this region. We use the median method for averaging, because the median spectrum can preserve the relative fluxes of emission features without altering the emission line ratios (Vanden Berk et al. [SII]
[SII] 2001), which is very important for HII region identification and chemical abundance calculation. Thus, in the current study we focus on the understanding of the average properties of the HII regions using our spectra.
IDENTIFICATION OF HII REGIONS
One of our goals is to spectroscopically confirm HII regions. In this section, we describe the procedures employed to identify HII regions using the spectra in our sample. First, we measure the emission lines of the spectra. Subsequently, we identify the HII regions using an emission-line diagnostic diagram based on log([SII]λλ6718,6732/Hα) versus log([NII]λ6585/Hα) (Kniazev et al. 2008 ).
Emission-line measurements
We calculate the relative intensities of lines(Hβ, [OIII]λ5007, Hα, [NII]λλ6549,6585, and [SII]λλ6718,6732) by integrating all the fluxes in the wavelength range. Hα and [NII]λλ6549,6585 are deblended with two or three Gaussian profiles. In order to measure the lines more accurately, the center and width of the Gaussian profile are adjusted simultaneously and automatically in the fitting process to avoid the deviation caused by redshift measurement. This automatic adjustment has been used effectively for emission-line measurements in galaxy spectra in our previous study (Wang Li-Li et al. 2018) .
We catalog the flux ratios of the emission lines in 
Emission-line diagnostic of HII regions
There are several classes of ionized nebulae, such as planetary nebulae (PNe), HII regions, and supernova remnants, whose spectra have similar emission lines but different line intensity ratios. Empirical emission-line diagnostic diagrams are often used to classify the ionized nebulae in the Galaxy (Sabbadin et al. 1977; Riesgo-Tirado & López 2002; Magrini et al. 2003; Kniazev et al. 2008; Lagrois et al. 2012) . Kniazev et al. (2008) analyzed a series of classification diagrams and used two criteria to distinguish PNe from HII regions. These two criteria (Equation (1) and (3) Figure 2 . The loci of HII regions, PNe and SNRs are separated by different lines. There are several points located in the PNe area. We leave these points out of account because these points are very close to the border line ,also with high uncertainties of line ratios.
Among all the identified HII regions in our sample, 47 sources are newly confirmed as HII regions, defined as candidate HII regions in the HIICat V2(labeled as "C," "G," and "Q"), whereas others are known HII regions (labeled as "K"). In Figure 3 , the red and cyan circles represent the Galactic locations of the newly confirmed and previously known sources, respectively. The newly confirmed HII regions expand the current spectra samples of HII regions, and the other sources in our sample spectroscopically verify the previously known ones using radio or infra data.
ANALYSIS AND RESULTS
In this section, we compile the spectroscopic properties of the identified HII regions into a catalog, and explore the oxygen abundance and radial gradient of HII regions in the Galactic anti-center area and the outer disk.
Catalog of the HII regions
The Galactic locations of the HII regions identified in this study are shown in Figure 3 . We can see that this sample is mainly in the region of the Galactic anti-center. Approximately 76.2% of all sources are located in the second and third Galactic quadrants (41.6% and 34.6%, respectively), and 23.8% are located in the first quadrant. No source is located in the fourth quadrant, which is due to the observational strategy of the LAMOST survey.
We create a catalog for the spectroscopic parameters of the identified HII regions in our sample, which is shown in Table 1 . The first six columns are obtained from HIICat V2: the name of the HII region, Galactic longitude, Galactic latitude, approximate circular radius in degrees, R G which indicates the Galactocentric radius in kpc, and Table 1 indicates the oxygen abundances and their uncertainties derived using strong emission lines, as presented in detail in Section 4.2. Our newly confirmed HII regions are marked with '*' at the first column of 47 entries in this table. 
Oxygen abundance
Chemical abundance is an important property that can be derived from the emission lines in the optical wavelength range. The easiest element to measure in the HII region emission spectra is oxygen (López-Sánchez et al. 2012) . The O/H abundance in HII regions is typically expressed in terms 12+log(O/H). Two typical methods are used to determine oxygen abundance: the direct method and strong-line method. The direct method requires the measurement of the electron temperature (T e ) based on the auroral lines such as [OIII]λ4363, [NII]λ5755, and [SII]λ6312 (Garnett 1992; Stasińska 2005; Esteban et al. 2017; Fernández-Martín et al. 2017 ). However, these auroral lines are very weak and cannot be observed in galaxies or HII regions without very sensitive, high-S/N spectra (Kewley & Ellison 2008) . Therefore, strong-line indicators, such as R 23 (Pagel et al. 1979 ), N2O2 (Kewley & Dopita 2002 ), N2(van Zee et al. 1998 Pettini & Pagel 2004; Marino et al. 2013) , and O3N2 (Alloin et al. 1979; Pettini & Pagel 2004; Marino et al. 2013) were developed as tracers of oxygen abundance, through empirical calibrations from T e metallicities and theoretical calibrations using photoionization models. These calibrations were summarized by Kewley & Ellison (2008) . Pérez-Montero (2017) presented a detailed review of the determination of chemical abundances in gaseous nebulae using the direct and strong-line methods.
To evaluate the oxygen abundance of our HII regions, we adopt the strong-line method rather than the T e method as the auroral [OIII] λ4363 are too faint to detect in our spectra. R 23 and N2O2 line ratios are not used in our work, because they are both based on [OII]λ3727, which is noisy in our spectra owing to the smaller throughput at the blue end of the spectra. For 50% of our objects, Hβ or [OIII]λ5007 are very weak or undetected, and therefore, the fraction of HII regions with O3N2 ratios is only half of the total number in our sample. Therefore, we employ N2 as the estimator, which is expressed as Equation 3, for the purpose of the current study. N2 is more insensitive to uncertainties of extinction correction and flux calibration, because it is measured from the close proximity of lines only in red spectra rather than from separately obtained blue and red spectra. Generally, N2 is valid for the range -2.5 < N2 < -0.3 (Pettini & Pagel 2004) . The values of this indicator in our sample are within this range.
To estimate the oxygen abundance using the indicator N2, we adopt the widely used empirical calibration relation proposed by Pettini & Pagel (2004) :
where N2 is defined as Equation 3. In general, this calibration is valid for -2.5 < N2 < -0.3. Hereafter, we refer to this relation as PP04 N2.
The values of oxygen abundance of HII regions in our sample are between 8.08 and 8.70, which are displayed in Table 1 . For 50% of objects in our sample, the oxygen abundances are greater than 8.5, and there are no very low abundances (12+log(O/H)<8.0), which indicates that the HII regions in our sample are of moderate metallicities.
Some studies claimed that the oxygen abundance derived by Equation 4 based on the N2 indicator has a high uncertainty, owing to the lack of a parameter that considers the ionization degree of the gas (Pettini & Pagel 2004; López-Sánchez et al. 2012 ). The T e method is believed to be the more accurate method for abundance determinations. Hence, we compare the T e -based oxygen abundances with our results for the same sources in our sample to test the validity of our abundance determinations for HII regions. Table 2 lists 11 Galactic HII regions by cross-matching objects in our sample with the ones in the literature whose oxygen abundances have been derived using the T e method. The comparison of 12+(O/H) is graphically shown in Figure 4 . We can see that our oxygen abundance values are systematically ∼ 0.1 dex higher than the values determined by the T e method, and the scatter is ∼ 0.15 dex. Similar scatters were also found by Yin et al. (2007) and López-Sánchez et al. (2012) . The systematic offset is consistent with the previous studies that claimed that the T e -based oxygen abundances may underestimate the abundance when temperature fluctuations exist in the emission-line nebulae (Stasińska 2005; Bresolin 2007; López-Sánchez et al. 2012 ).
Radial gradient at the anti-center
Another aim of this study is to investigate the radial gradient of oxygen abundance in the Galactic anti-center direction. In this section, we explore the gradient of the abundance distribution using HII regions in our sample.
In our sample, we obtain approximately 38 objects with Galactocentric distance in the range of 8.1-19.3 kpc from the HIICat V2. There are 12 objects lying in the outer part of the Milky Way (R G ≥11.5 kpc). Figure 5 shows the chemical abundance distribution of O/H in our sample. We perform a least-squares linear fit of the oxygen abundance 
When comparing our gradient of -0.036±0.004 dex kpc −1 with those obtained from the literature for a similar range of distances which are shown in solid lines with different colors in Figure 5 , we find that our gradient is consistent with the gradients obtained by Deharveng et al. (2000) (-0.0395±0.0049 dex kpc −1 ) and Balser et al. (2015) (-0.04 dex kpc −1 ). The gradients obtained by (Quireza et al. 2006 )(-0.043±0.007dex kpc −1 ) and Rudolph et al. (2006) (-0.041±0.014 dex kpc −1 ) are steeper than our result, consistent with our determination within errors. We also perform two additional least-squares linear fits to the HII regions with R G <11.5 kpc and R G ≥11.5 kpc in order to compare the abundance distributions in the inner and outer parts of the Milky Way, which are plotted as 
The most recent determinations of oxygen gradient in the Galactic anti-center are presented in Fernández-Martín et al. (2017) and Esteban et al. (2017) , which are graphically demonstrated in dash-dotted red lines in Figure 5 . Fernández-Martín et al. (2017) obtained a gradient of -0.053±0.009 dex kpc −1 using 23 HII regions with the distance R G from 11 to 18 kpc, and Esteban et al. (2017) derived a gradient of -0.046±0.017 dex kpc −1 with R G from 11.5 to 17.0 kpc. We obtained a gradient of -0.039±0.012 dex kpc −1 in a similar range of distances(R G : [11.5-19 .3] kpc), which is shallower than their gradients but is within the uncertainty.
The abundance comparison between the inner and outer parts of the Galaxy supports the Inside-Out formation scheme of the disk (Chiappini et al. 1997; Korotin et al. 2014) . The metal abundances in the inner part are higher than those in the outer part of disk because the inner disk is usually formed first and the outer disk is formed progressively later with a relatively long time scale for star formation and metal enrichment. The gradient variations can be used to determine whether the flattening of the gradient exists at the outer disk. Some works indicate that the abundance gradient of the outer part is flatter than that of the inner part (Fich & Silkey 1991; Vílchez & Esteban 1996; Korotin et al. 2014) , whereas others confirm the absence of flattening in the radial oxygen abundance gradient at the outer disk (Deharveng et al. 2000; Rudolph et al. 2006; Fernández-Martín et al. 2017; Esteban et al. 2017 ). In our work, our data suggest that there is no flattening of the oxygen abundance gradient in the outer disk of the Galaxy, at least up to 19.3 kpc.
SUMMARY AND CONCLUSIONS
The objective of this work was to extend the optical spectra sample of HII regions at the Galactic anti-center and study the chemical abundance gradient based on these data. We presented the spectroscopic identifications of 101 HII regions based on the WISE HII region catalog from http://astro.phys.wvu.edu/wise, among which 47 sources were newly confirmed. We first selected the spectra with [SII]λλ 6718,6732 emission lines, and thereafter classified the HII regions from other types of gaseous nebulae using an emission-line diagnostic based on [SII]λλ 6718,6732/ Hα versus [NII]λ6585/Hα. Spatially, most of our HII regions were located in the anti-center direction of the Milky Way, which provides opportunities for studying the radial gradient of chemical abundance in the Galactic anti-center area.
We determined the oxygen abundances for all objects in our sample using a strong-line indicator, i.e., N2. Among all the HII regions in our sample, the Galactocentric distances of 38 objects were obtained from the WISE HII region catalog, covering a range of R G from 8.1 to 19.3 kpc. Using these objects, we derived a least-square linear fit to the oxygen abundance gradient with -0.036±0.004 dex kpc −1 . we also fitted the outer disk objects with a gradient of -0.039±0.012 dex kpc −1 . This result demonstrates the absence of flattening of the radial gradient of oxygen abundance in the outer part of the Milky Way.
